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The purpose of this study was to identify neuroimaging predictors of medication response in contamination-related obsessive compulsive disorder (OCD). Prior studies of OCD had indicated that glucose metabolic rates within orbitofrontal cortex (OFC) were inversely correlated with subsequent response to serotonergic reuptake inhibitors
and that glucose metabolic rates within posterior cingulate cortex (PCC) Functional imaging research has contributed substantially to contemporary neurocircuitry models of obsessive compulsive disorder (OCD) (Rauch 2000; Rauch and Baxter 1998; Saxena et al. 1998) . Convergent findings have implicated a network of brain regions, including orbitofrontal cortex (OFC), anterior cingulate cortex, and the striatum, in the pathophysiology of OCD. These areas exhibit hyperactivity at rest that is accentuated during symptom provocation and attenuated following successful treatment.
One promising clinical application of neuroimaging is to identify predictors of treatment response. Three prospective studies of OCD patients have already found that pre-treatment positron emission tomography (PET) measurements of cerebral metabolic rates within OFC significantly predict subsequent response to treatment with serotonergic reuptake inhibitors (SRIs) Saxena et al. 1999; Swedo et al. 1992) . Specifically, lower pre-treatment rates of metabolism within OFC have consistently been associated with better subsequent responses to SRIs. Conversely, in one of these reports , higher cerebral metabolic rates within left OFC were associated with better responses to behavioral therapy.
Recently, an initial study was conducted examining PET cerebral metabolic correlates as potential predictors of response to anterior cingulotomy in patients with OCD (Rauch et al. 2001b ). Rauch and colleagues found that higher cerebral metabolic rates within posterior cingulate cortex (PCC) were associated with better subsequent response to cingulotomy. However, the cingulotomy study differed from previous studies of SRIs in that statistical parametric mapping rather than region of interest (ROI)-based methods of data analysis were used. Therefore, it remained unclear whether the unique findings regarding the PCC were indicative of: (1) the difference in treatment type (i.e., cingulotomy vs. SRIs); (2) the difference in data analytic methods (i.e., statistical parametric mapping vs. ROI-based); or (3) differences in the patient groups studied (i.e., severe treatment-refractory patients on medications vs. a conventional sample of patients with OCD, off medications).
In the current study, we sought to build on the previous body of research in this area. Specifically, we sought to study PET predictors of SRI treatment response using statistical parametric mapping methods. Moreover, we employed a symptom provocation design, so that we could compare the profiles of PET predictors of treatment response during a provoked symptomatic state versus a neutral state. Thus, we tested the a priori hypotheses that lower rCBF within OFC and higher rCBF within PCC would be associated with better subsequent response to SRIs. Moreover, we were able to investigate whether there are qualitative or quantitative differences between the PET predictive profiles obtained using a symptom provocation versus a neutral state design.
Finally, it occurred to us that past studies regarding neuroimaging predictors of treatment response might have been confounded by differences in OCD symptom types among the subjects. There is evidence that different OCD symptom dimensions (see Baer 1994; Leckman et al. 1997 ) might be associated with different rates of response to various treatments (Mataix-Cols et al. 1999) and also different neuroimaging profiles (Rauch et al. 1998a) . Thus, for instance, if washing and contamination symptoms are associated with both PET measures of OFC activity and subsequent SRI treatment response, then the apparent predictive value of PET measures within OFC may be confounded by this mediating variable. Consequently, in the current experiment, we limited enrollment to subjects with OCD principally related to contamination symptoms. By studying a relatively homogeneous patient population, we mitigate the potentially confounding influences of OCD symptom dimensions. Of course, this strategy has the limitation of potentially limiting the generalizability of the current findings to the broader population of people with OCD.
MATERIALS AND METHODS

Subjects
This study was conducted with the approval of the Subcommittee on Human Studies of The Massachusetts General Hospital (MGH); written informed consent was obtained from each subject. The subjects were nine right-handed (Oldfield 1971 ) patients (four male, five female) meeting DSM-IIIR criteria for OCD (American Psychiatric Association 1987) with mean ( Ϯ SD) age of 28.8 ( Ϯ 8.2; range 18 to 41) years. Entry criteria required not only that patients have an OCD diagnosis by SCID (Spitzer et al. 1998 ) and be right-handed, but also that they reported contamination symptoms as their primary manifestations of OCD. Further, exclusion criteria required that subjects be free of current major depression or substance abuse; have no lifetime history of bipolar disorder, primary psychotic disorder, substance dependence disorder; no history of seizure disorder or head trauma with loss of consciousness; and no history of any other major medical disorder. All subjects were off psychotropic medications for at least four weeks prior to the initial PET session (at least six weeks for fluoxetine). Subjects were ineligible for participation if they had a history of prior treatment with fluvoxamine.
PET Symptom Provocation Paradigm
The symptom provocation paradigm that we used has been described previously (Rauch et al. 1994) . Briefly, after an initial habituation phase, PET rCBF data were acquired twice during a Neutral condition, while subjects responded to an innocuous control stimulus, and twice again during a Provoked condition, while they responded to a provocative stimulus that was tailored to induce each patient's symptoms. In all cases, the subjects participated in the process of identifying an appropri-ately provocative stimulus, so as to insure sufficient but not overwhelming provocation of their OCD contamination symptoms. A balanced order paradigm intended to control for order effects was deemed impractical; our past experience has shown that once provoked, OCD subjects often remain symptomatic for up to several hours, precluding a paradigm dependent upon prompt return to a relatively asymptomatic state (e.g., see Rauch et al. 1994) .
Ten point analog scales based on self-reporting were utilized to quantify the severity of each subject's anxiety (Anxiety analog scale (AAS)) and OCD symptoms (OCD analog scale (OCDAS)) during the initial habituation period as well as during each scanning period. A response of ten was equated with the most severe symptoms ever previously experienced by the subject; zero was equated with complete absence of symptoms. These scales provided clinical measures by which to gauge the magnitude of each subject's response during the different conditions (Neutral and Provoked).
After being fully situated in the scanner, each subject was allowed to habituate, during which time analog scale scores were obtained every three minutes. Completion of habituation was operationalized as both AAS and OCDAS scores remaining constant for two consecutive measurement periods.
Following habituation, each subject proceeded to the Neutral phase of the paradigm. For each of two Neutral scans, the subject was exposed to an innocuous stimulus matched to his individualized provocative stimulus in terms of primary sensory stimulation. For example, the subject was shown a "clean" glove, and it was identified to him as such. The "clean" glove was then placed on his hand, and remained there for approximately 2 min, throughout the acquisition phase for the first Neutral scan. Immediately after placement of the stimulus, the subject was instructed to close his eyes and to allow his thoughts to focus on the stimulus. Once his eyes were closed, PET acquisition commenced. At the end of each scan, the glove was removed and the subject was asked to indicate the severity of his anxiety and OCD symptoms on the corresponding scales. This procedure was repeated to achieve a complete set of data for each of two Neutral scans for each subject.
Next, the procedure was repeated for two Provoked scans, during which the subject was exposed to an individualized provocative stimulus (e.g., a "contaminated" glove) in place of the innocuous stimulus. In all conditions, the scans were performed with low background noise and lighting, with eyes closed and ears unplugged. Also, note that the laterality of exposure (left hand; right hand) was counterbalanced across scans and subjects.
Positron Emission Tomography
The patient's head was immobilized with a custom fabricated head-holder (Tru Scan Image Inc., Annapolis, MD), positioned within the PET camera so that the imaging plane was parallel to the orbito-meatal line. Emission data were acquired with a Scanditronix PC4096 PET camera (General Electric, Milwaukee, Wisconsin), in a single bed position for 30 min. The primary imaging parameters of the PC4096 camera are in-plane and axial resolutions of 6.0 mm full width at half maximum (FWHM), 15 contiguous slices of 6.5 mm separation and sensitivity of ‫ف‬ 135 cps/Kbq. All images were reconstructed using a conventional filtered back-projection algorithm to an in-plane resolution of 7 mm FWHM. Projection data were corrected for nonuniformity of detector response, dead time, random coincidences and scattered radiation. An analytic attenuation correction was applied to the data based on an estimate of slice contour and the assumption of uniform attenuation coefficient equal to that of water, rather than obtaining and using individually measured attenuation values.
Following reconstruction, movement corrected (Alpert et al. 1996) , whole brain normalized images reflecting relative regional cerebral blood flow (rCBF) were transformed to the standardized normalized space established by the Montreal Neurological Institute (MNI; http://www.bic.mni.mcgill.ca/). Following spatial normalization, scans were filtered with a 20 mm FWHM two-dimensional Gaussian filter.
Treatment Trial
Following informed consent, entry into the study, clinical evaluation, and pre-treatment PET scanning, patients proceeded with an open fluvoxamine trial. In addition to the initial clinical assessment (prior to scanning), subjects were seen and evaluated monthly. Patients were advanced on medication toward a target dose of 300 mg per day of fluvoxamine during the first month of treatment. The target or maximum tolerated dose was achieved by the one month follow-up visit, and maintained for the additional two months. The primary outcome measure of treatment response was % decrease in Yale-Brown Obsessive Compulsive Scale (Y-BOCS; Goodman et al. 1989 ) score from pre-treatment to the three month post-treatment time point. The Beck Depression Inventory (BDI; Beck 1961) was also administered at pre-treatment and post-treatment time points, as a measure of depressive symptom severity. This test provided a means for assessing change in depressive symptoms as a potentially confounding factor.
Statistical Analyses
Positron emission tomography data analysis followed the theory of statistical parametric mapping (Friston et al. 1991 (Friston et al. , 1994 (Friston et al. , 1995 Worsley et al. 1992) , and was performed with SPM99 software (Wellcome Dept. of Cognitive Neurology, London, UK). Across the entire cohort of subjects, several sets of statistical parametric maps were generated: First, the effects of symptom provocation were assessed by performing a direct contrast between the Provoked and the Neutral state conditions. Next, the principal correlation maps were generated, reflecting the relationship between rCBF and % improvement in Y-BOCS; such maps were made separately for the Neutral state and Provoked state conditions. For each correlation map, the covariates only option was selected, so that a regression analysis was performed to test the linear relationship between rCBF and subsequent treatment response (across subjects), yielding a Z-score at each voxel in space. For ease of discussion, we refer to the findings in terms of significant "correlations", although the analysis employed formally involved linear regression, rather than assessment of correlation per se. Both direct and inverse relationships were assessed.
The statistical parametric maps were inspected to identify all foci of significant activation (in the case of the Provoked vs. Neutral contrast) or significant correlations (in the case of the correlation maps). Given the strong nature of a priori hypotheses, in the context of similar past findings, Z Ͼ 3.09 ( p Ͻ .001, uncorrected for multiple comparisons) was selected as the threshold for statistical significance. Based on previous OCD symptom provocation studies (Breiter et al. 1996; McGuire et al. 1994; Rauch et al. 1994) , we predicted activation in OFC, anterior cingulate cortex, and the caudate nucleus. Based on previous imaging studies of predictors of treatment response in OCD Rauch et al. 2001b; Saxena et al. 1999; Swedo et al. 1992 ), we predicted correlations in OFC and PCC. Loci exhibiting effects of comparable statistical significance are also reported for completeness, and to obviate bias. However, such findings should not be taken as significant in the absence of a priori hypotheses, until replicated.
RESULTS
Treatment Response
All nine subjects achieved the target dose of 300 mg/ day, and completed the 12-week open trial of fluvoxamine. Clinical outcome data are presented in Table 1 . Note that the mean Y-BOCS improvement for this cohort was 39.9 Ϯ 31.4%, with six of nine subjects (67%) exhibiting greater than 25% reduction in OCD symptom severity. In addition to significant decreases in Y-BOCS scores (t(8) ϭ 3.58; p ϭ .007), subjects also enjoyed a significant decrease in depression, as indicated by a 53.6 Ϯ 69.2% reduction in BDI scores (t(8) ϭ 2.56; p ϭ .034).
Subjective Ratings of Symptom Severity
As a simple manipulation check, overall, AAS and OC-DAS scores indicated successful provocation of OCD symptoms during the Provoked vs. the Neutral condition. Specifically, OCDAS scores were 5.2 Ϯ 2.3 for the Provoked condition vs. 2.2 Ϯ 1.9 for the Neutral condition (t(8) ϭ 4.00, p ϭ .004); AAS scores were 4.3 Ϯ 2.1 for the Provoked condition vs. 2.3 Ϯ 1.9 for the Neutral condition (t(8) ϭ 4.63, p ϭ .002).
Neuroimaging Results of Symptom Provocation
Consistent with a priori hypotheses, the Provoked versus Neutral contrast yielded significant activation within right anterior and lateral OFC (see Table 2 ). No significant activation was found within the other predicted regions (i.e., anterior cingulate cortex and caudate nucleus). Other loci of comparable activation were found within other frontal cortical areas and precuneus. 
Neuroimaging Predictors of Treatment Response
First, the relationship between rCBF and % Y-BOCS improvement was assessed for the Neutral condition. All analyses were then repeated for the Provoked condition. For both Neutral and Provoked conditions, loci of significant negative correlation were found within bilateral OFC and loci of significant positive correlation were found within bilateral PCC (see Table 3 , Figure 1 , and Figure 2 ). Next, a series of ANCOVA analyses were performed to assess whether the loci of significant correlation found in the analysis of %Y-BOCS improvement might be confounded by other clinical factors. Four separate ANCOVA maps were generated, each constructed to assess the relationship between rCBF and %Y-BOCS improvement, while considering one of four potentially confounding clinical factors as a nuisance covariate. In each case, the significant correlation at the locus identified in the initial analysis survived, indicating that the central findings of this study are not confounded by a relationship between rCBF in the identified regions and age, pre-treatment severity of OCD symptoms, pre- Z-scores correspond to the actual maximum pixel value within the brain region from the SPM. Coordinates defining the location of the maximum pixel values in MNI space are expressed as "x, y, z"; in millimeters, x Ͼ 0 is right of the midsagittal plane, y Ͼ 0 is anterior to the anterior commissure, and z Ͼ 0 is superior to the intercommissural plane. Approximate Brodmann areas are given in parentheses. Z-scores correspond to the actual maximum pixel value within the brain region from the SPM. Coordinates defining the location of the maximum pixel values in MNI space are expressed as "x, y, z"; in millimeters, x Ͼ 0 is right of the midsagittal plane, yϾ0 is anterior to the anterior commissure, and zϾ0 is superior to the intercommissural plane. Approximate Brodmann areas are given in parentheses. treatment severity of depressive symptoms, or improvement in severity of depressive symptoms.
DISCUSSION
Our current findings indicate that pre-treatment rCBF within OFC and PCC predict subsequent reduction in OCD symptom severity associated with fluvoxamine treatment. These statistical results do not appear to be attributable to confounding factors such as age, severity of OCD, or depression at the time of PET data acquisition, nor reduction in severity of depression during treatment. In addition, these findings do not appear to be confounded by different OCD symptom dimensions, to the extent that we limited the study cohort to patients with OCD symptoms principally related to contamination. Also, these same results were garnered regardless of whether imaging data were obtained during a symptomatic (Provoked) or control (Neutral) state.
The inverse correlation between rCBF in OFC and subsequent symptomatic improvement with SRI treatment is consistent with results from three previous studies of OCD employing other SRIs, PET-FDG, and ROI-based analytic methods Saxena et al. 1999; Swedo et al. 1992) . Taken together, these studies underscore the reliability of this finding in OCD, across SRIs, imaging modalities, and data analytic methods. It has been proposed that SRIs might have their beneficial antiobsessional effects by enhancing serotonergic transmission within OFC, that in turn modulates GABAergic tone within this region (see Blier and Bouchard 1994; Mansari et al. 1995; Rauch et al. 1998b) . Certainly, the OFC has been the most consistently implicated region in neuroimaging studies of OCD; both in terms of between-group differences at rest and within-group differences over time, where attenuation of OFC hyperactivity has been associated with successful treatment (e.g., Baxter et al. 1992 ; see Rauch and Baxter 1998 for review). The current study found OFC activation during the provoked versus neutral state. Taken together, imaging findings in OCD suggest that OFC hyperactivity is associated with the symptomatic state (Rauch et al. 1994; Breiter et al. 1996) , and that the magnitude of OFC hyperactivity may be related to both the severity of symptoms and also the degree of treatment-refractoriness. However, such a model is an oversimplification. For instance, in some cases OFC activity in OCD seems to be inversely related to symptom severity (Rauch et al. 1994) , and positively correlated with treatment response . Hence more complex models are necessary to capture this complexity.
The positive correlation between rCBF in PCC and subsequent symptomatic improvement with SRI treatment, demonstrated here, parallels the results of an earlier study showing a positive correlation between cerebral metabolic rates in PCC and subsequent symptomatic improvement associated with anterior cingulotomy for OCD (Rauch et al. 2001b ). This suggests that functional neuroimaging measures of PCC activity in OCD may predict subsequent treatment responsiveness in a more nonspecific way, across treatment modalities. Since such results were not reported in the previous studies investigating neuroimaging predictors of SRI response in OCD, it may be that methodological differences explain this discrepancy. Specifically, we propose that the use of SPM-based versus ROI-based methods of data analysis may have provided greater power in the current study to detect a focal area of significant correlation within the larger region nominally identified as PCC. Another possibility is that the current findings in PCC are attributable to the fact that this study was limited to subjects with contamination-related OCD. Therefore, it would be of great interest to reanalyze data sets from the earlier studies of this type, using SPM-based methods, to see Figure 2 . Exemplary data are presented for the Neutral condition. In the upper panels, the locations of significant positive correlations between rCBF in PCC and subsequent fluvoxamine response are illustrated, superimposed over the SPM99 template in MNI space for anatomic reference. Voxels corresponding to significant correlations (Z-score у 3.09) are coded in yellow and the crosshair marks the location of the voxel with the maximum Z-score. The lower panels show the actual corresponding plots of %Y-BOCS improvement vs. rCBF, taken from the voxel with the maximum Z-score, for right and left PCC respectively.
whether loci of significant correlation could be found within PCC, despite having escaped detection using ROI-based methods of analysis.
Although contemporary neurocircuitry models of OCD have emphasized the role of OFC, anterior cingulate cortex, and the caudate nucleus, several functional imaging studies have also pointed to a role for PCC in OCD (Busatto et al. 2000; McGuire et al. 1994) . In fact, PCC is known to communicate with anterior cingulate cortex via projections coursing through the cingulum bundle (Vogt and Pandya 1987) , and is also purported to directly communicate with OFC (Cavada et al. 2000; Zald and Kim 1996) , as well as the caudate nucleus (Kemp and Powell 1970) . Hence, PCC is one area that is anatomically and functionally linked to the key elements of the OCD circuit (e.g., anterior cingulate cortex, OFC, and striatum). Therefore, though it remains unclear why functional neuroimaging measures within PCC would predict treatment response across therapeutic modalities, we speculate that it is somehow related to the role of PCC in modulating the fronto-striatothalamo-frontal circuitry implicated in OCD. Indeed PCC seems to be ideally positioned, based on its anatomical and functional connectivity, to modulate this critical circuit.
Of relevance, recent results from a morphometric MRI study of cingulotomy for OCD demonstrated volumetric reduction within PCC when comparing postoperative to pre-operative MRI data (p Ͻ .05) (Rauch et al. 2000a ). In a tandem study (Rauch et al. 2000a) , using subcortical segmentation of the same MRI data set, the investigators also showed significant volumetric reductions within the body of caudate nucleus that were bilateral, specific, and significantly correlated with anterior cingulate lesion volume.
Though early conceptualizations of the limbic system (Papez 1937 ; also see MacLean 1990) as well as more recent publications (Maddock 1999) have raised the possibility that PCC plays a central role in emotion, the current prevailing wisdom maintains that this territory is principally involved in cognitive, perceptual, and evaluative functions (Olson et al. 1993; Sutherland and Hoesing 1993; Vogt et al. 1992 Vogt et al. , 2000 . More specifically, one theory holds that PCC functions in concert with the hippocampal formation to primarily subserve mnemonic and spatial functions (Sutherland and Hoesing 1993) . Of note, implicit sequence learning studies of OCD indicate that patients may utilize the hippocampal system to compensate for cortico-striatal dysfunction (Rauch et al. 1997 (Rauch et al. , 2000b . Along these lines, the current findings prompt the hypothesis that patients who exhibit greater resting activity within PCC are more likely to derive benefit from SRIs, which have been hypothesized to have their therapeutic action on OFC, anterior cingulate cortex, striatum, and/or hippocampus (Baxter et al. 1992; Swedo et al. 1992; Rauch et al. 1998b; Blier and Bouchard 1994; Mansari et al. 1995; Duman et al. 1997) .
While the prospect of performing a neuroimaging test that can predict response to treatment is appealing, there are several important limitations to this study that should be appreciated. First, the number of subjects is small. Second, as we acknowledged, the selection of a narrow population of OCD subjects, suffering from contamination-related symptoms, limits our ability to generalize these findings to the broader OCD population. Third, negative findings in the current study could be due to type II errors. In this regard, one of the limitations of statistical parametric mapping is its reliance on spatial normalization. This may be especially problematic in cases where structural abnormalities and/or increased variability are present. For instance, abnormalities of caudate volume have been inconsistently reported in OCD (see Robinson et al. 1995; Rauch and Baxter 1998) ; resulting mis-registration involving the caudate in the current study could underlie our failure to find significant effects in this region.
In conclusion, the results of the current study, involving one cohort of patients with contaminationrelated OCD, indicate that pre-treatment PET measures of rCBF within OFC and PCC predicted subsequent improvement in OCD symptom severity following fluvoxamine treatment. These are robust findings that appear to be relatively independent of symptomatic state at the time of PET data acquisition. The use of neuroimaging methods to predict treatment response represents one strategy for potentially improving the management of OCD, as well as advancing our understanding regarding the pathophysiology of this disease.
